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An Evaluation of Functional Hand Bracing and EMG Patterns of the
Affected Upper Extremity of the Adult Heraiparetic 
Thesis directed by Professor Jerome W. Gersten
This study project was designed to determine the effects of 
functional hand splinting on the hemiparetic affected upper extremity 
of adult subjects. Accordingly, a battery of tests, performed with 
and without bracing, was used to evaluate the function of the affected 
extremity. The unaffected extremity served as a control during the 
study.
Manual muscle testing, ADL evaluation, neuromuscular functional 
testing of the upper extremities, dynamometry, skin resistances, and 
electromyographic examination were used in the testing of the subjects. 
Each examination, with the exception of the manual muscle test, was 
performed with and without bracing of the affected extremity. Electro­
myographic analysis of the functional movement of self-feeding was 
performed on seven upper extremity muscle groups: Upper trapezius,
middle deltoid, pectoralis major, triceps, biceps, wrist extensor 
group, and wrist flexor group.
Results of the testing indicated improvement in hand function
with bracing. No changes in the function of the shoulder and/or
elbow were noted. The decrease in dynamometric strength found in all
subjects when braced points out the lack of parallel improvement in
palmar grasp as other hand functions improved. Generally, the skin
resistance of the affected extremity exceeded that of the unaffected 
extremity.
Patterns of the electrical activity of the muscles were 
determined from graphs of the mean electromyographic activity at 
similar time intervals for each of the three test situations. The 
activity of the unaffected extremity was not significantly different 
from that of the affected extremity. Bracing produced an increase 
in the electrical activity of biceps brachii.
This abstract of about 250 words is approved as to 
form and ~ ation.
Instructor in charge of dissertation
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INTRODUCTION
Statement of the Problem
Although prevention of disease and disability is the finest 
ideal of the medical profession, this is not always possible. 
Rehabilitation of the ill or disabled has, thus, taken first place 
as the ultimate goal in the treatment of many patients.
Cerebrovascular disease, the third major cause of death in the 
United States today, killed approximately 200,000 persons in i960.
It is estimated that, in addition, there are 2,000,000 persons with 
residual hemiparesis. Improvement of function in this vast disability 
area is certainly worthy of the concentrated efforts of all concerned 
with the care of these patients.
Rehabilitation techniques and regimens utilized in the therapy 
of the hemiparetic patient have been varied and many. (1-7)
Functional bracing of the affected hand of the person with 
hemiparesis has been so employed. The benefits derived from the use 
of the functional hand splint should be of sufficient merit to 
warrant the investments made in finances, as well as in training 
time.
Exactly what are the gains that can be expected from 
utilization of a functional hand orthesis by the hemiparetic 
patient? Does wearing a hand brace help or hinder the patient in
2the execution of some ADL activities? Too, it has been observed 
clinically that the hemiparetic patient usually acquires return of 
voluntary motor activity in a pattern which progresses from the 
proximal region to the distal parts* (8) Illustrative of this is 
the fact that individual finger function is one of the last 
abilities to be regained. Walshe has pointed out that the function 
of distal portions of the limbs is usually lost first. (9) Will then 
the effects on finger and hand function afforded by a brace produce 
a retrograde influence on the more proximal motor activity of the 
extremity? The search for the answers to the above queries has 
lead to the formulation of the present investigative project.
Evaluation of the hemiparetic patient is still a difficult 
task, depending to a large extent on the judgements of the examiner. 
Workers in the rehabilitation field have, consequently, devised 
special tests for persons with neuromuscular disorders. (^ , 10, 11) 
Electromyography has been utilized as a more objective measurement 
of the motor activity in the extremities.
In this geographical area, few of the hemiparetic persons have 
been fitted with functional hand ortheses because of the expense of 
the devices, and the lack of vocational opportunities for these 
patients, even after rehabilitation training. It was, therefore, 
necessary to design an adjustable functional hand brace that could 
be employed in the testing of available patients, without regard for 
personal ownership of an appliance. Such an adjustable finger-driven 
hand splint was fabricated.
3Data used to evaluate upper extremity function in the 
hemiparetic patient were compiled from the following tests:
l) manual muscle test, 2) ADL evaluation, neuromuscular 
functional testing of the upper extremity, k) dynamometry, and 
5) electromyography. The examinations, with the exception of the 
manual muscle tests, were performed with and without functional 
bracing of the affected hand of the hemiparetic patients. 
Electromyographic studies were carried out after the method of 
Schomburg, utilizing the motions involved in self-feeding, with 
forearm position and speed of activity as variables. (12)
Synchronous recordings were made from shoulder, elbow, and wrist 
musculature.
Review of the Literature
Central Control of Voluntary Movement
Cerebral vascular lesions usually lead to at least one common 
clinical entity, hemiplegia or hemiparesis. This condition may be 
defined as paralysis or weakness (paresis) of the limbs and lower 
face on one side* When the state is mild it is referred to as 
hemiparesis, and when severe as hemiplegia. (13)
Numerous experimenters have demonstrated the disintegration 
of motor function following various cerebral lesions. (8, 9* 1^» 15)
The cerebral hemispheres have long been looked upon as the organs of 
intelligence and conscious sensation. Even in the Seventeenth 
Century, the control of volitional movement was ascribed to the 
cerebrum, and the direction of involuntary movements to the cerebellum.
kThe Betz cells are no longer conceded to be the exclusive 
cells of origin of the pyramidal tract, for there are only 
3^,000 Betz cells, but over one million axons in the 
pyramids. (l6) It is now generally thought that some of the cells 
of origin lie in areas outside the precentral gyrus, (l^ , 17, l8) 
Controversy arose again as Marion Hines suggested that single 
muscles are represented separately in the cortex. (19)
John Hughlings Jackson had previously stated, "the motor centers 
of every level represent movements of muscles, not muscles in 
their individual character". (20) This view point was shared by 
Beevor and reemphasized in his 1903 Croonian Lecture on Muscular 
Movement. Sherrington was subsequently able to obtain evidence of 
agonist contraction—-antagonist relaxation by stimulation of the 
internal capsule, thus lending credence to his theory of the 
reciprocal innervation of muscles.
Also arising from the cortical neurons are fiber tracts with 
projections to the subcortical structures. The extrapyramidal 
paths differ from the corticospinal paths in that they are 
synaptically interrupted before reaching the spinal cord, and by 
definition bypass the medullary pyramids.
The basal ganglia are involved in the control of posture and 
movement, for abnormal spontaneous movements result from lesions of 
the ganglia. Chorea, athetosis, and rigidity are examples of 
patterns seen in basal ganglia disease. In experimental animals, 
stimulation of the caudate nucleus leads to the inhibition of motor
5reactions which have been initiated by the motor cortex. (22)
The cerebellum does not have a direct pathway to the spinal 
cord, and therefore, can influence motor neurons only through 
connections with the brain stem and/or cerebral cortex.
The functions of the cerebellum are equilibration, regulation of 
stretch reflexes, and modification of voluntary motion.
Voluntary movement is strongly dependent on sensory 
information, memory, and thoughtful consideration of the acto 
This influence of perception of sensory stimuli on voluntary 
motion was emphasized by Margaret fieinhold in her work published 
in 1951. (23) Gooddy quoted Bertrand Russell as follows:
’’Sensation may be defined as the first mental effect of a 
physical cause. Volition may be defined as the last mental cause 
of a physical effect.” (2k)
The muscular system can be envisioned as the tool of the 
nervous system. Voluntary movement is shaped, guided, and checked 
by the integration of afferent stimuli. Gooddy, in 19^9, described 
the sensory and motor deficits experienced by persons with central 
nervous system lesions at different levels. (25) According to 
Brain, the sensory impairment occurring in the hemiplegic patient 
has a selective pattern, usually involving position and light 
touch appreciation more severely than other sensory modalities. (26) 
The status of the hemiparetic patient is often a spastic one, 
albeit true that there is an initial stage in which a decrease in 
reflexes and muscle tone is present. This progression from flaccid
6to spastic status is usually an early, but gradual one, as 
observed by Twitchell. (27)
Spasticity may be described as a condition characterized by 
increased resistance of muscles to manipulation, by hyperactive 
deep reflexes, and by clonus— all of which are evidences of the 
exaggerated contraction of muscles subjected to stretch. This 
augmented stretch reaction is involuntary or reflex in nature.
It is proposed that centers in the brain which normally exert 
inhibitory influences on the spinal stretch reflex are deficient in 
the spastic state. Is this all of the story? Perhaps not.
Magoun says that spasticity cannot be attributed only to the loss 
of inhibitory influences on stretch reflexes, but also to the 
continued and unopposed presence of facilitation proceeding by the 
reticulospinal and vestibulospinal connections from the brain 
stem. (28) Inhibitory influences are attributed to the 
corticobulboreticular, caudatospinal, cerebelloreticular, and 
reticulospinal tracts.
Peripheral organs also play a role in the regulation and 
coordination of motor function. The gamma system which influences 
the proprioceptive feed-back mechanism is one of the prime 
peripheral factors governing muscle tone. This system is under the 
control of higher centers, especially the anterior lobe of the 
cerebellum, exerting its influence via connections with the 
reticular formation. (29) Stimulation of the gamma fibers, which 
constitute approximately 30 per cent of motor neurons, causes 
contraction of the muscle spindle, thereby provoking firing of
7the afferent fibers located in the nuclear bag. These afferents 
synapse with alpha motor neurons to form a monosynaptic pathway 
for rapid motor response.
Tonic neck and labyrinthine reflexes, as well as various 
associated movements, may also be demonstrated in hemiplegia. (30) 
These reflexes are initiated by changes in the orientation in 
space of the head or neck to the body. (31) Reproducible changes 
in the spasticity of affected parts have been obtained from the use 
of the above reflexes. Many workers have proposed treatment 
regimens for hemiplegics incorporating the use of tonic reflexes. 
(32-35)
Kinesiology of the Upper Extremity
Since the time of Duchenne's publication of his Physiologie 
des Mouvements in 1865, there has been increasing interest in the 
function and actions of muscles in relation to body movements.
Beevor later set forth his findings obtained from the palpation of 
muscles in subjects who were performing prescribed activities. He 
proposed that muscles be classified as prime movers, synergic 
muscles, fixators, or antagonists. (36)
Muscles act in conjunction with each other to perform functional 
movements. Levine and Kabat believe adult patterns of movement to 
be refinements and modifications of reflex patterns of movement 
present in the newborn. (37) Certainly, the return of function in 
the hemiparetic upper extremity follows the developmental pattern 
seen in children and described by Gesell. (38)
8Muscular activity is modified by proprioceptive influences. 
Resistance to motion will cause the discharge of more motor units 
per unit of time. Increasing resistance causes activity in distant 
parts. The alterations in posture influence the muscles involved 
in various movements.
The actions of individual muscles or muscle groups of the 
upper extremity have been well documented by such authors as 
Duchenne (39)» Rasche (40), Inman (4l), Gray (42), Hollinshead (43), 
and Steindler (44).
EMG in Kinesiologic Investigations
Kinesiologic studies have been greatly advanced by the 
employment of electromyographic techniques. The demonstration by 
Adrian, in 1925* that the amount of activity present in any muscle 
during any stage of a movement could be recorded electromyo- 
graphically has done much to further our knowledge of dynamic 
kinesiology. (45) Loofbourrow showed the EMG to be a reliable 
indicator of the magnitude of muscular response. (46) The 
amplitude of potentials increases with direct and after load, 
increasing initial length, increasing frequency of cortical 
stimulation, and increasing intensity of stimulus.
In 1935» Donald Lindsley investigated the action potentials 
recorded from extensor and flexor muscles during various strengths 
of contraction, sustained effort, and fatigue. (47) He found no 
resting activity, increasing units with increasing contractions, 
and decreasing units, but maintenance of frequency with fatigue.
9A year later his studies of the neuromuscular disorders revealed 
rhythmic groups of potentials to be found during the rigidity 
and tremor of paralysis agitans, athetosis, and spastic 
conditions* (*f8) The frequency of discharges for each disorder 
was, however, individualized, that of spastic conditions being 
extremely low.
Hoefer and Putnam described the action potentials in ’’spastic” 
conditions as small, low frequency spikes with uneven rates of 
discharge. (*+9) Reflexes were of complex pattern and tended to 
spread to other muscles. No action potentials were seen at rest.
Verne Inman (^l) from his studies of the shoulder designates:
Abductors and Plexors of Humerus Depressors of Humerus
Deltoid Subscapularis
Pectoralis major Infraspinarus
Supraspinatus Teres major
Scapular Rotators 
Trapezius 
Serratus anterior 
Levator scapulae
The teres major was found to act only to maintain a static position.
Bierman and Yamshon showed the biceps brachii to function as a 
flexor of the forearm when the forearm was in supination, pronation, 
or mid-position. (50-52) The anterior deltoid was seen to act in 
forward flexion and adduction of the arm; the middle deltoid in 
abduction; and the posterior deltoid in abduction and hyperextension 
of the arm. The upper and middle trapezii act in elevation of the 
shoulders; and hyperextension, forward flexion, abduction, and 
adduction of the arm. The lower trapezii are depressors of the 
shoulders, and adductors of the scapulae.
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A special study of the kinesiology of the upper extremity was 
conducted by Hirschberg and Dasco in 1953* (53) Simultaneous 
recordings from several muscle groups were obtained, using skin 
electrodes. The subjects were asked to perform the act of drinking 
from a glass. This activity was divided into resting, reaching, 
lifting, returning, placing, and resting phases. Muscles studied 
included the upper trapezius, pectoralis major, deltoid, extensor 
carpi radialis, brachioradialis, biceps brachii, and triceps 
brachii. In the normal subjects, biceps activity was pronounced 
during the first half of the reaching phase, while triceps activity 
increased during the latter half of the phase. There was increasing, 
then decreasing biceps activity during the lifting period. The 
drinking phase was noted for the increasing, then decreasing triceps 
activity shown. Biceps activity initiated the return phase, and was 
followed by triceps activity. Throughout the placing phase, the 
biceps remain active. The brachioradialis acted synergistically with 
the biceps, while the triceps sustained its activity from the lifting 
phase through return of the glass to the table. All other muscles 
were relatively quiescent. In ataxic states there was simultaneous 
activity of all muscle groups during the lifting phase. More 
activity was found in the biceps— brachioradialis group than in the 
triceps group while raising the arm.
Long, in kinesiologic investigation of the musculature of the 
hand, combined electromyographic and cinematographic methodsto 
study the intrinsic and extrinsic muscles of the hand. (5^ 55)
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McFarland, et al in 1962 did EMG studies of seven muscles acting on 
the wrist, and monitored the wrist action with an electrogoniometer.
(56)
Schomburg recorded from the biceps, triceps, middle deltoid, 
wrist extensors, wrist flexors, pectoralis major, and trapezius of 
the normal and the hemiplegic patient. (12) Her significant 
findings were:
1. Increased activity of the trapezius and biceps was present 
throughout movement of the affected extremity of the 
hemiplegic patient.
2. Decreased activity of the pectoralis major of the 
hemiplegic extremity was found.
3» Slight increase in the amplitude of potentials was seen 
in the wrist extensor and flexor groups of hemiplegic patients.
k. The duration of the movement had no significant effect on 
the electrical activity of the muscles.
5. Increase of activity with supination was apparent in the 
upper trapezius, pectoralis major, biceps, and wrist extensors.
6. The activity of the hemiplegic unaffected side resembled 
the normal subjects, exception— the pectoralis major and 
trapezius activity was exaggerated.
Functional Bracing of the Upper Extremity
Though Rusk stated in 1958 that dynamic splinting of severely 
spastic parts had limited use, functional assistive hand splints do 
have their place in the rehabilitation of the hemiparetic patient.
(57) These hand splints accomplish three purposes. (58):
1. Prevention and correction of deformities of the hand and 
wrist.
2. Increasing the strength of weakened muscles by encouraging 
their use, and by preventing the substitution of stronger 
muscles.
3« Stabilizing of the hand in better positions of function, 
and provision of mechanical assistance for weakened muscles.
Functional braces for the upper extremities have only recently
evolved from the heavy crude types of the past to the light-weight,
versatile devices used today. Along with the awakening of interest
in the need for improvement in prosthetics following the end of
World War II ran a parallel interest in the development of
functional braces for the upper extremities. Hie residual
disabilities sustained by patients from poliomyelitis during the
epidemics of the early 50's made the rehabilitation of the flail,
weakened, or paralyzed upper extremity a very acute problem.
Workers at centers in various parts of the United States set to
work to develop orthetic devices suitable for the restoration of
some function for the patient. (59-61)
The hand can be considered to be composed of two functional
parts, the radial and the ulnar. (62) The radial part, comprised
by the thumb, the index and middle fingers, subserves the prehensile
function, while the ulnar part, the ring and little fingers, provides
support and static control of the radial portion of the hand. As
the basic function of the hand is prehension, functional bracing is
concerned mainly with restoration of activity in the radial part of
the hand.
A functional orthesis for the hand should preserve or restore 
the muscular balance and functional position of the hand. (6l)
This necessitates that the wrist be held in approximately thirty 
degrees of dorsiflexion and slightly ulnar deviated, the fingers
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are semi-flexed, the metacarpal arch is curved, and the thumb 
placed in moderate flexion and opposition. (63) A good hand 
splint does not interfere with or impinge upon the activity of 
the relatively normal muscles of the extremity.
The basic opponens hand splint, having been designed to 
support the thumb in a position of opposition to the fingers, also 
stabilizes the thumb in abduction so that the web space is 
maintained. The simple opponens splint can be extended to also 
encompass the wrist and a portion of the forearm. Such a long 
opponens splint will prevent wrist drop due to weakened extensors, 
prevent deviation of the wrist to the ulnar or the radial side 
when a muscle imbalance is present, and provide more stability for 
the hand if the wrist flexors are weakened. (6*0
At the Respiratory Center of Rancho Los Amigos Hospital, Hondo, 
California, the finger-driven flexor hinge splint was developed by 
the orthotics laboratory. This splint, a modified long opponens 
splint, is contructed to stabilize the thumb in opposition, and 
the interphalangeal joints of the second and third digits in 
flexion, so as to establish a 'three-jawed chuck' type of prehension. 
The metacarpophalangeal joints move freely to provide the hinge 
action for the movements of pinch and release. When the extensor 
mechanism of the fingers is weakened or paralyzed, an assist for 
the motion can be gotten through the application of springs or 
rubber bands.
It is to evaluate the efficacy of just such functional 
bracing of the upper extremity in the hemiparetic patient that 
this project has been undertaken.
Summary of Introduction
This investigative study has been designed to evaluate the 
effect of functional hand splinting on the activity of the affected 
upper extremity of the hemiparetic patient. Manual muscle testing, 
ADL evaluation, neuromuscular functional testing of the upper 
extremities, dynamometry, and electromyography make up the battery 
of tests for each patient. Each examination, with the exception 
of the manual muscle test, was performed with and without 
functional hand splinting in hemiparetic patients. Muscle potential 
recordings made during the act of self-feeding constitute the 
basis for the EMG pattern analyses. A review of the literature 
concerning the central control of voluntary movement, kinesiology 
and EMG activity of the upper extremity, and functional bracing of 
the upper extremity has been included.
PBOCEDUHES AND METHODS
Description of Equipment
The equipment utilized in testing subjects during this project 
included:
1. Grass Model III-D Electroencephalograph.
2. Signal Circuit.
3. Skin Electrodes.
*f. Garceau Clinical Dermohmeter.
5* Adjustable Finger-Driven Flexor Hinge Hand Splint.
6. Bulb Dynamometer.
An eight channel inkwriting Grass Model III-D electro­
encephalograph was employed to record the electrical potentials 
from seven groups of muscles as the patient executed the functional 
movements involved in self-feeding. The remaining channel was used 
to record electrical activity from the signal circuit. (Figure l) 
During recording sessions, the Ground Selector Switch was positioned 
at 'NG', and the Muscle Filter Switches were off. Paper speed was 
regulated at thirty millimeters per second. The frequency response 
of all eight power amplifiers was adjusted by the Filter Switch to 
EMG, i.e. relatively flat to 6.5 c.p.s. 0& output amplitude at 
2.5 c.p.s.), and recording 100 per cent of output amplitude to 
75 c.p.So (limit of response of pens). Amplification switches for 
muscle recording channels were set as follows: l) X50 - XI at X50,
2) XI.5 at 2, and 3) equalizing at 1. With this amplification, a 
200 y t calibration signal produced a k.7 millimeter vertical
16
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displacement of the pens. For the signal circuit channel, 
amplification switches were positioned as follows: l) X50 - XI 
at XL, 2) XL.5 at 1, and 3) equalizing at 9*
The signal circuit shown in Figures 1, 2, and 3 was used as 
a means of correlating electrical activity of the muscles with the 
phases of the functional motor activity being performed. The 
circuit was constructed to define four intervals of motor activity 
involved in self-feeding, i<>e. reaching for the utensil, 
positioning of the utensil to the mouth, return of the utensil to 
the table, and resumption of the relaxed position. These intervals 
are respectively represented on the EMG records by the notations 
lap to box, box to chin, chin to box, and box to lap. The start 
of movement by the subject was signaled by closure of switch A-A* 
by the examiner, thus activating a solenoid which gently tapped 
the untested arm of the subject, and charged the capacitor, 
producing a spike in the record of the signal circuit. The subject 
then extended his elbow and moved the previously relaxed upper 
extremity forward from the body to touch the metal box situated 
on a table in front of him, causing a spike in the record as the 
condensor was discharged. Another spike in the record was produced 
by charging the capacitor as flexion of the elbow brought the hand 
in contact with a metal plate located on the subject's chin. Again 
contact of the subject's hand with the box produced discharge of the 
condensor, and a spike, as the return phase of the movement was 
executed. From this point, the subject was only required to relax, 
replacing his upper extremity in his lap.
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Because of patient comfort and the ease of execution of free 
motion while attached, skin electrodes were used. For kinesiologic 
investigations, surface electrodes have been found to produce 
entirely satisfactory results. (53) Silver chloride discs,
9 millimeters in diameter, were connected by a flexible, insulated 
wire through the electrode board to the inkwriting oscillograph. 
Each disc contained a shallow central depression which was filled 
with Decaderm electrode jelly to insure adequate contact between 
the skin and the electrode. After thorough scrubbing of the skin 
with acetone, and mild abrasion of the skin with sandpaper to 
lower skin resistance, two electrodes, approximately 2.5^ 
centimeters apart, were applied over the surface of the muscle 
belly in a direction that was parallel to the orientation of the 
muscle fibers. Moleskin adhesive patches were employed in the 
attachment of the skin electrodes to the body.
Before the incorporation of sandpaper abrasion of the skin 
in the technique of preparation of the skin for electrode 
application, some difficulty was experienced in obtaining proper 
contact of the electrode. This was postulated to be due to an 
increase in the skin resistance. The skin resistance, in good 
electrode applications, should be less than 10,OCX!) ohms, preferably 
nearer 1,000 ohms. Accordingly, it was decided that it would be 
desirable to obtain values for the skin resistance of each upper 
extremity of the subjects. A Garceau Clinical Dermohmeter was so 
employed. Values were obtained from skin surfaces over the wrist 
extensor muscle group while utilizing electrode applications.
21
similar to those employed in the EMG with the exception of sand­
paper abrasion of the skin.
An adjustable finger-driven flexor hinge hand splint (Figure k) 
was employed during the second series of tests of the subjects. The 
hand splint could be adapted to fit both male and female hands, and 
could be worn on either the right or the left side after inter­
changing a few simple parts. The brace was fashioned of stainless 
steel and weighed 2^5*7 grams. One subject had her own hand splint, 
weight 210 grams, which was used during her testing.
To obtain a quantitative evaluation of the strength of palmar 
grasp, a bulb dynamometer (Figure 5) was used. The apparatus was 
constructed of the meter of an aneroid sphygmomanometer connected 
by a short rubber tube to an airtight rubber bulb. The scale 
registered a pressure range of 0 to 3^0 mm Hg. Because of the low 
range of the scale, this apparatus gave a discrete quantitative 
value only in the evaluation of a rather severely weakened grasp 
mechanism.
Experimental Procedures
Six adult hemiparetic subjects, three males and three females, 
constituted the test population for this study. Their ages ranged 
from 23 years to 73 years. The hemiparesis involved the dominant 
side in four instances and the nondominant side in the remaining two. 
In five of the subjects the etiology of the hemiparesis was a 
cerebrovascular lesion. Hemiparesis was due to a meningeal neoplasm 
in the sixth subject. The unaffected upper extremity of the
22
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hemiparetic subject was in each instance used as a control in 
evaluating the results of the tests.
Initially, each subject was given a battery of tests which 
included a neurological examination, a manual muscle test, 
determination of skin resistance, neuromuscular functional tests,
ADL evaluation, dynamometry, and EMG examination. The latter 
four tests were performed both with and without functional bracing 
of the affected hemiparetic upper extremity.
When conducting the electromyographic examination, the subject 
was seated in a straight-back chair facing the table containing 
the signal circuit equipment. He was placed at sufficient distance 
from the table to require full extension of the elbow during the 
reaching phase of his motion. The subject was instructed to 
relax during the application of the skin electrodes over the 
upper trapezius, middle deltoid, pectoralis major, triceps, biceps, 
wrist extensor, and wrist flexor muscle groups. A practice session 
in the performance of the movements involved in self-feeding was 
then held. The hand was maintained in a closed position, with the 
wrist slightly dorsiflexed where possible. All the subjects could 
voluntarily attain a neutral position of the wrist.
The activity of self-feeding involves a l) reaching phase,
2) transportation and feeding phase, 3) return phase, and 4) resting 
phase. During phase 1 the shoulder is flexed forward and the elbow 
extended. Phase 2 requires sharp flexion of the elbow and 
internal rotation of the shoulder. In phase 3, one again extends
25
the elbow, and in phase 4, flexes the elbow as he extends the 
shoulder. The forearm position may be neutral, pronated or 
supinated.
Variables used in the EMG examinations were forearm position 
and speed of execution of the movement. Becordings were obtained 
with the forearm pronated and supinated. The speed of action was 
designated as moderate (4-7 seconds) or fast (1-3 seconds) for 
each completed movement.
After satisfactory EMG recordings were obtained from the 
non-braced affected upper extremity of the hemiparetic patient, 
similar recordings were made from the unaffected upper extremity. 
The braced affected upper extremity was tested in the same manner.
EESULTS
This study involved the testing of six hemiparetic subjects to 
ascertain the effects of functional hand splinting on the affected 
upper extremity. The test population has been identified in 
Table I. Tests included: l) a manual muscle test, 2) an ADL 
evaluation, 3) a special neuromuscular function test for the upper 
extremity, 4) dynamometry, 5) determination of skin resistances, 
and 6) an electromyographic evaluation of the act of self feeding.
A summary of the manual muscle tests will be found in Table II.
Manual Muscle Testing
The test population for this study had moderate spasticity of 
the affected upper extremity and a decrease in muscle strength of 
that extremity, (see Table II)
The muscle strength has been graded according to the system of 
Daniels, et al (65):
5 - complete range of motion against gravity with 
full resistance.
k - complete range of motion against gravity with 
some resistance.
3 - complete range of motion against gravity.
2 - complete range of motion with gravity eliminated.
1 - evidence of slight contractility. No joint motion.
0 - no evidence of contractility.
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TABLE I
IDENTIFICATION OF TEST POPULATION
Extremity Duration of Duration of Physical 
Subject Age Sex Involved Hemiparesis Therapy Training
0»Y, 73 yrs. F Right upper 8 months
extremity
(Dominant)
G.D. 23 yrs. F Right upper 1 year
extremity
(Dominant)
M.M. 4l yrs. F Left upper 1 month
extremity 
(Non-dominant)
J.V. 63 yrs. M Left upper 3 years
extremity 
(Non-dominant)
K.W. 34 yrs. Right upper 5 years
extremity
(Dominant)
W.S. 59 yrs. M Right upper 4 years
extremity
(Dominant)
8 months
1 year
1 month
2 years
Vh years
6 months
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ADL Evaluation
During the ADL evaluation, each subject was found to have been 
successful in utilizing his unaffected extremity for most functional 
activities. The affected upper extremity of the hemiparetic subject 
was, therefore, mainly used to assist the unaffected arm in the 
performance of activities, or to stabilize objects. All of the 
subjects required some assistance with highly skilled activities 
such as cutting with a knife. Performance was improved with bracing. 
Although the act was still slowly completed, the subject became 
more independent, (see Table III)
Neuromuscular Functional Testing
Upon neuromuscular functional testing of the prehensile ability 
of the hand, application of the functional hand splint improved the 
performance of the affected hand to a fair level, and often to a 
good level of function. Belease of grasp was greatly facilitated 
by the use of the hand splint, (see Table III) Testing was done 
using a modified version of Beynolds' functional test for the 
hemiplegic upper extremity. (10)
There was, on the other hand, little change found in the 
active BOM of the affected hemiparetic extremity when tested with 
and without bracing, (see Table IV) In one instance the brace did 
interfere with pronation and supination, and result in less motion. 
Beciprocal motion studies were essentially the same for the braced 
and unbraced affected extremity, (see Table V)
TABLE III
HAND FUNCTION (TESTED IN SITTING POSITION)
Activity
Affected Extremity 
Without Bracing
Affected Extremity 
With Bracing
• 0 P F G N 0 P F G N
Pick up and hold 
handle of handbag _ 1 1 b — _ — 2 b
Hold pen for 
writing - 2 2 2 - - - 1 b l
Pick up & release 
small bead 1 - 1 b - - - - 3 3
Use thumb tacks 1 2 1 2 - - - 3 2 1
Button & unbutton 
1/2n button 2 3 1 - - - i b 1 -
Pick up & hold 
empty glass - 1 3 2 - - - 2 2 2
Cut with knife 3 2 1 - - - i b 1 -
Grasp 11/2h Ball - 2 2 2 - - i 1 ^ -
Throw Ball 3 1 1 1 - - i 3 1 1
0 * 0  - Cannot accomplish act.
P = Poor - Can begin act with difficulty. Needs assist, from other ext.
F a Fair - Awkward unsteady performance of act.
G a Good - Performance of act but slowly.
N a Normal - Performance of act with normal speed & dexterity.
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Table IV0 The figures presented in Table IV represent the active 
BOM of the shoulder and elbow of the affected hemiparetic upper 
extremity expressed as a percentage of the active ROM of the same 
joints of the unaffected side. EDM of the unaffected shoulder and 
elbow was normal in all subjects.
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TABLE V
RECIPROCAL MOVEMENT AND SPEED TEST
Subject Extremity
Drumming with Closed Fist
(Strokes/5 sec) 
Without With* 
Bracing Bracing
Lap to Opposite Knee
(Strokes/5 sec) 
Without With* 
Bracing Bracing
O.Yo Unaffected 10 7 5 7
Affected 6 5 2/s 2
G.D. Unaffected 15 12 6 6
Affected 7 k 2/z 5
M.M. Unaffected 16 22 12 9
Affected 11 18 8 7
J.V. Unaffected 15 15 6 5
Affected 8 7 3 k
K.W. Unaffected 28 23 7 10
Affected 10 13 6 8
W.S. Unaffected 17 18 9 9
Affected 6 7 k 6
* Bracing of the affected extremity only
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Dynamometry
The limit of excursion of the dynamometer employed in the 
testing of subjects was mm Hg. Any hand of normal strength 
could easily generate this amount of palmar grasp. Each subject, 
with the exception of one, registered the maximal pressure value 
when the unaffected hand was tested. For each subject there was a 
decrease in the amount of pressure that was produced by the braced 
affected hand, ranging from 18.6 percent to 91.7 percent, (see 
Table VI) Individual test values represent the best of five trials.
Skin Resistance
Recordings of skin resistance of normal subjects varied from 
10.0 - 22.3x10  ^ohms when electrodes were placed over the extensor 
muscle mass of the forearm, (see Table VII A) Values for the 
unaffected upper extremity of the hemiparetic subjects ranged from 
8.6 - 39.*fxl0^  ohms. In four instances, the skin resistance of the 
affected extremity exceeded in value that of the unaffected extremity. 
One subject had equal values for both upper extremities, and one 
subject exhibited a lower skin resistance of the affected upper 
extremity than of the unaffected side. Mild abrasion of the skin with 
sandpaper lowered the skin resistance, on three tested occasions, 
to less than 2600 ohms, (see Table VII B)
34
TABLE VI 
DYNAMOMETRY
Subject
Unaffected 
Extremity 
mm %
Affected 
Extremity 
Without 
Bracing 
mm Hg
Affected 
Extremity 
With 
Bracing 
mm Hg
% Decrease 
In Strength 
of Palmar Grasp 
With Bracing
O.Y. 270 30 20 33.3#
GoD. 340 120 68 43.3$
M.M. 340 172 140 18.6#
J.V. 3^ 0 120 10 91o7#
K.W. 340 340 220 35*3#
W.S. 340 280 220 21.4#
35
TABLE VII 
SKIN RESISTANCES
A. NORMAL SUBJECTS
Subject X lo3 ohms
A.H. 12.3
G.M°L. 10.0
F.C. 16.0
D.B. 17.0
H.R. 22.3
Bo HEMIPARETIC SUBJECTS
Unaffected Affected Affected Extremity
Extremity Extremity After Sandpaper Abrasion
Subject X 103 ohms X 103 ohms X 103 ohms
O.Y. 28.7 62.2
G.D. 8.6 24.7 2.5
M.M. 12.5 12.5
J.V. 39.4 11.4 2.6
K.W. 10.3 15.9 2.39
W.S. 21.3 64.7
36
Electromyography
Electromyographic evaluation of the act of self-feeding 
resulted in recordings of four intervals of activity: l) lap to 
box - reaching phase, 2) box to chin - transportation and feeding 
phase, 3) chin to box - returning phase, and 4) box to lap - 
resting phase. These intervals represent the movement and 
positioning of the closed hand. Recordings were made with the wrist 
held in pronation or supination during intervals #2 and #3» Another 
variable was the speed of the activity. When asked to perform the 
prescribed activity as fast as possible with the affected upper 
extremity, time to completion ranged from 3 - 6  seconds. A moderate 
rate of performance with this upper extremity was, for the subjects, 
4 - 9  seconds. For the unaffected extremity, the speed of action was 
designated as moderate ( 4 - 7  seconds) and as fast (l - 3 seconds).
In preparation for the analysis of the electromyographic 
activity displayed by the upper extremity muscle groups during this 
project, three records for the two forearm positions and speeds were 
chosen at random for each subject. This was done from recordings of 
the unaffected extremity, and the hemiplegic affected extremity, 
while braced and non-braced. The simultaneous electrical activity 
of the seven muscles studied was then determined by measurement of 
the vertical displacement of the action potentials at five discrete 
points during each of the four intervals of self-feeding. An 
average value for each of the three points of similar muscular 
activity was computed. From the average figures compiled, curves, 
which simulated the recorded electromyographic activity of muscle
37
groups, could be plotted, thereby, simplifying the analysis of the 
records. Four such graphs for each of the seven muscle groups of 
each subject were plotted. Each represented k ,? millimeters of 
vertical displacement in the graph is equivalent to 200 microvolts.
A sample graph is given in Figure 6.
As the four graphs for the individual subject appeared to differ 
only in the amplitude of potentials and in minor changes in the 
contour of the curves, it was felt that detailed analysis of the 
graphs made of the electrical activity during a moderate rate of 
performance of self-feeding with the forearm in pronation should 
give sufficiently accurate results for this series of tests. 
Accordingly, a visual comparison of the graphed electrical activity 
of the unaffected upper extremity, and the hemiparetic extremity, 
with and without bracing, resulted in the findings which are 
subsequently stated and are charted in Table XIII. The relation­
ship between the unaffected and affected extremity and the non­
braced and braced affected extremity were not significantly changed 
by alterations in positions of the wrist or speed of performance of 
self-feeding.
The upper trapezius and pectoralis major showed muscular activity 
throughout the phases of self-feeding. In the middle deltoid the 
general pattern of activity was one of gradual increase in activity 
during the 'reaching' phase. This activity decreased during the early 
'transportation and feeding' phase and remained minimal until the latter 
half of the 'returning' phase, when another period of increasing 
potentials was noted. v.
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Table VIII. The comparisons in Table VIII have been derived from 
a study of the graphed electrical activity of the unaffected and 
the affected extremities of the subjects. A visual impression of 
comparative quantities of electrical activity has thus been 
presented.
ifO
COMPARISON OF ELECTRICAL ACTIVITY DURING SELF FEEDING 
(PRONATION AT MODERATE SPEED)
TABLE VIII
MUSCLE
P
H
A
S
E O.Y. G.D*
SUBJECTS 
M.M. J.V. K.W. W.S.
1 N>B=U B>U=N U>B>N N>U>B B>U=N U>N>B
UPPER
TRAPEZIUS
2 N=B>U (B>N>U)$
(U>B>N)yZ
U>B>N N>U>B (B>U>N)y2
(B>N>U)y2
U>N>B
3 N>U>B (B>U>N)^(B=U=N)y2
U>B>N N>U>B (B>U>N)y2
(B>N>U)#
U>N>B
k N>U>B B>U>N U>B>N N>U>B B>U>N U>N>B
1 N>U>B N>B=U U>B>N U>B>N B>U>N B>N>U
MIDDLE
DELTOID
2 N>B>U N=B=U U>B>N U>B>N (U>B>N)y2(N>B>U)y2
B>N>U
3 N>B>U N> B=U B=U=N U>B>N B>U>N (N>B>U)1/2(B>N>U)^
k N>B=U N>U>B B>U>N U>B>N B=U>N B>N>U
PECTORALIS
1 N>B=U N=B>U B>U>N N>B=U (B>N>U)# (N B=U)34
U>B>N
MAJOR 2 N>U>B N=B=U B>U>N N>U=B N>B=U U>B>N
3 N> B=U N>B>U U>B>N N>B=U (B>U>N)#(U>N>B)#
U>B>N
U>B>N
if N>U>B N=B>U (U>B>N)$
(N>B>U)#
N.U>B N=B=U U>B>N
N = Electrical Activity of Unaffected Extremity 
U = Electrical Activity of Affected Extremity without Bracing 
B = Electrical Activity of Affected Extremity with Bracing 
( = Half of Phase
Phases of Activity: 1. Lap to Box 2. Box to Chin 3« Chin to Box
if. Box to Lap
TABLE VIII (continued)
COMPARISON OF ELECTRICAL ACTIVITY DURING SELF-FEEDING 
(PRONATION AT MODERATE SPEED)
MUSCLE
P
H
A
S
E O.Y. G.D.
SUBJECTS 
M.M. J.V. K.Wo W.S.
TRICEPS
1 B=U=N B>U=N N=B=U B=U=N (N>B=U)#
(N=B>U)^
U=B=N
2 B=U=N B=U=N N>B=U B=U=N B=N>U U=B=NBRACHII 3 B=U=N B=U=N N=B=U B=U=N (B=U=N)yz
(B>U=N)$
U=B=N
k B=U=N B=U=N N=B=U B=U=N B=U=N U>B=N
1 N>B=U N>B=U N=B=U B>U>N N>B=U U=BsNBICEPS
BRACHII
2 N>B>U (N>B=U))£
(B>U>N)#
N=B>U N>B>U (B>N>U)$
(B=N=U)y2
(B=N>U)&
(B>N>U)£
3 N>B=U (B>U>N)£
(N>B=U)#
N>B>U B>U>N (U>N>B)y2
(B>N>U)#
U=B=N
k N>B=U N>B=U N=B>U B>U>N N>B>U (B>U>N)£
(N>B>U)y2
WRIST
EXTENSORS
1 N=B=U N>B>U N>B>U N>B=U (N>B=U)y>
(B=U>N)#
(B>N>U)y2
(N>B=U)}6
2 B>U=N N>B>U N=B>U N>B=U (U>B>N)#
(N>U>B)y2
(U>N>B)#
(U=N=B)y2
3 (B>U>N)#
(N>B=U)#
N>B=U N=B>U N>B=U ( U>B=N 
(B=U>N)y2
(B=N=U>/2
(N>U>B)y>
k N>B=U N>B>U N>B>U N>B=U B=U>N U>N>B
WRIST 1 U>B=N N>B=U N>B>U B=U=N N>B=U N>B=U2 U=B=N N>B=U N=B>U B=U=N N>B=U N>U>BFLEXORS 3 U=B=N N>B=U N=B>U B=U=N N>B=U (U>N>B)^
(N>U>B)y2U=B=N N>B=U N=B>U B=U=N N>B=U N>U>B
N = Electrical Activity of Unaffected Extremity
U = Electrical Activity of Affected Extremity without Bracing
B = Electrical Activity of Affected Extremity with Bracing
( )Yz = Half of Phase
Phases of Activity: 1. Lap to Box 2. Box to Chin 3. Chin to Box
Box to Lap
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Though the electrical activity of the triceps was minimal, there 
were variously occurring small peaks of activity. The biceps brachii 
was active throughout the movement during self-feeding. Maximal 
activity of the muscle occurred during the 'transportation and 
feeding' phase. Generally, the electrical activity of the wrist 
extensor groups followed the pattern seen in the middle deltoid.
Minimal to moderate muscular activity was present throughout 
the functional movement in the wrist flexor group. Evidence of the 
reciprocal action of the wrist extensor and flexor groups was seen 
in the unaffected extremity, and occasionally in the affected 
extremity.
A summary of the electrical activity during self-feeding with 
the wrist pronated and a moderate rate of performance will be found 
in Table IX. With the knowledge that each comparison has a possible 
total of six phases one can then derive any comparative factor 
desired. Comparisons of the activity of the unaffected and non­
braced affected extremity and of the braced and non-braced affected 
extremity are of special interest.
Although there were several phases in which there was an equal 
trend for the electrical activity of the affected extremity to exceed 
that of the unaffected extremity, and the opposite situation to occur, 
the only instance in which there was a major trend of the phase for 
activity of the affected extremity to exceed that of the unaffected 
extremity appeared in the upper trapezius during the 'box to lap' 
interval. In the triceps brachii the electrical activity of the 
affected extremity equalled that of the unaffected. For the biceps
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TABLE IX
SUMMARY OF ELECTRICAL ACTIVITY DURING SELF-FEEDING 
(PRONATION AT MODERATE SPEED)
P
H NUMBER OF PHASES WITH LISTED COMPARATIVE
AQ ELECTRICAL ACTIVITY
MUSCLE
o
E U>N B>N U>B B>U B=U N=U=B N=U N=B
1 2 3 3 2 1 - 2 -
UPPER 2 2 3 J/z 2/2 - - - 1
TRAPEZIUS 3 3 V/z 4 V/z Yz Yz Yz Yz
4 4 3 4 2 - - - -
1 3 4 3 2 l _ m —
MIDDLE 2 V/z 3/2 2/2 V/z l l 1 l
DELTOID 3 2 ZYz 1 3 2 l 1 l
4 3 4 2 2 2 - - -
1 2 V/z 1 Z/z V/z _ — l
PECTORALIS 2 2 2 2 1 3 l 1 1
MAJOR 3 3 V/z V/z V/z 2 - - -
4 V/z V/z J/z V/z 1 1 2 2
1 1 m V/z 4Yz 4 5 4Yz
TRICEPS 2 — - - 1 3 4 4 5BRACHTI 3 - Yz - Yz J/z J/z 5 J/z
4 1 - 1 - 5 5 5 6
1 1 l «• l 5 2 2 2
BICEPS 2 Yz V/z - 5 1 Yz Yz 2BRACHII 3 2 2 Yz 3 Z/z l 1 1
4 V/z V/z - 4 2 - - 1
1 Yz 1 mm Z/z J/z l l 1
WRIST 2 1 V/z V/z 3 V/z Yz V/z V/z
EXTENSORS 3 V/z 1 1 V/z J/z Yz Yz 2
4 2 1 1 2 3 - - -
1 1 1 1 4 l 1 2
WRIST 2 - - 1 1 4 2 2 3
FLEXORS 3 Yz ~ 1 1 4 2 2 34 - - 1 1 4 2 2 3
N s Electrical Activity of Unaffected Extremity
U * Electrical Activity of Affected Extremity without Bracing
B = Electrical Activity of Affected Extremity with Bracing
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brachii, wrist extensor group and wrist flexor group, muscular 
activity of the unaffected extremity exceeded or equalled that of 
the affected extremity. The remaining muscles exhibited mixed 
electrical activity.
Bracing had no effect on the electrical activity of the triceps 
and wrist flexor group in any of the phases, or the biceps in the 
'reaching' phase. In the remainder of phases of the biceps and 
the phases of the wrist extensor groups the activity of the braced 
affected extremity was greater than, or equal to, that of the un­
braced affected extremity. The upper trapezius, the middle deltoid, 
and the pectoralis major showed mixed electrical activity.
Effect of wrist position on electrical activity. The electrical 
activity of the subjects was noted to change during the box to chin
and chin to box intervals when the forearm position was converted
from pronation to supination. In the unaffected extremity there was 
an increase in activity of the pectoralis major and the wrist 
extensor group in all six subjects upon change from pronation to 
supination of wrist. Activity of the upper trapezius was increased 
in four subjects, while that of the biceps brachii was increased in 
three subjects. The remaining subjects showed no change in activity.
In the non-braced affected extremity, six subjects had an
increase in the activity of the pectoralis major upon change in
wrist position from pronation to supination. The wrist extensor 
group displayed larger action potentials in four subjects. The 
upper trapezius had greater activity in three of the tested subjects.
No consistent change in either direction could be found in the 
activity of the braced affected extremity.
Effect of speed on electrical activity. The testing was 
conducted at two speeds of performance - moderate and fast. The 
moderate speed for the affected extremity varied from 4 - 9 seconds 
in various subjects, while the fast speed ranged from 3 - 6  seconds.
The unaffected extremities performed with a moderate speed of 
4 - 7  seconds, and a fast speed of 1 - 3 seconds.
At the fast speed, the biceps brachii, in three subjects, 
showed an increase in amplitude of potentials of the unaffected 
extremity. The pectoralis major of the braced and non-braced 
affected extremities had an increase in electrical activity in 
three subjects. There were other isolated instances of increase in 
activity of muscle groups which were not reproduced in other subjects.
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DISCUSSION
The Research Problem
The purpose of the research project was to ascertain the effects 
of functional bracing of the hand upon the performance of the affected 
upper extremity of the patient with spastic hemiparesis.
Concomitantly, an answer to the question concerning the effect of 
splinting of peripheral joints on the spasticity of the more proximal 
joints would be procured. These goals have, in some measure, been 
fulfilled by the present project through the employment of a battery 
of tests administered to the affected upper extremity when braced and 
unbraced*
Limitations of the Research Project
One of the major limitations of the research project has been 
the element of subjectivity that has crept in during the employment 
of certain test procedures and their interpretations, as will be 
described in subsequent sections. Very few purely objective tests 
of function are available for the evaluation of patient function. 
Though a sincere attempt was made to remain unbiased and impartial, 
one can not be absolutely certain that propensity has influenced no 
test result.
Secondarily, some consideration must be given to the size of 
the test population. A small number of subjects, such as six, is 
not necessarily representative of a total population which numbers 
over one million. In this small test group, one test value that is 
different from the other five greatly influences the test results.
A small series is extremely difficult to handle statistically.
All of the subjects studied had spasticity of the affected 
extremity which could, clinically, be classified as moderate. The 
findings and results of this study can not be extrapolated to persons 
with a lesser or greater degree of spasticity. Testing of a mixed 
population will be required to prove that such inferences are 
merited.
As only one subject owned his own functional hand splint, no 
testing over a period of time was possible. It was, therefore, 
impossible to establish what changes in function of the upper 
extremity would have occurred during long term use of a brace. Too, 
the adjustable hand splint could not be as accurately fitted to the 
hand as one's own individually fabricated brace. Execution of some 
of the finer movements required in the testing procedures may have 
been hindered.
Analysis of Battery of Tests
ADL evaluations. Performances of the ADL activities were 
graded from 0, meaning unable to perform, to 5, meaning normal 
performance. The judgement of the examiner was employed to some 
extent in the awarding of grades 1 through 4.
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Manual muscle tests* Though definite limits have been set as 
requirements for each of the muscle strength grades, subjectivity 
again enters into the testing as the amount of resistance applied 
is determined. This applies to grades of muscle strength in the 
k to 5 range.
Neuromuscular functional testing. Neuromuscular functional 
testing, like ADL evaluation, has clearly defined outer limits of 
the grading, but some subjectivity is used during the assignment 
of intermediate grades of function. The values for the ROM of the 
shoulder and elbow were all estimated, not measured, quantities.
Skin resistance. Determination of the skin resistance is in 
itself a quantitative test, giving discrete values, and must, there­
fore, be classified as a purely objective form of testing. It must, 
in addition, be remembered that although electrodes were applied with 
similar techniques, their application was not necessarily identical. 
Small variations in the number of strokes of the acetone sponge on 
the skin, or in the force with which the acetone sponge was applied 
may have occurred.
Dynamometry. Again, one must classify dynamometry as a purely 
objective form of testing, An indication of palmar grasp is recorded 
by the amount of pressure generated in the aneroid meter. As long 
as the strength of grip does not exceed the registered 3^0 mm Hg one 
can determine and compare successive performances of hand grasp. 
During the dynamometric evaluation the bulb was placed in the palm
of the hand and pressure exerted by all the fingers of the hand. The 
rate of contraction of the finger flexors was controlled to give a 
slow smooth increase in pressure on the bulb.
Electromyography. Graphic recordings of electromyograms give 
accurate indications of electrical activity of muscles within the 
limits of excursions of the ink-writing apparatus. It is the 
analysis of these records that causes the most difficulty for most 
examiners. These recordings may be analyzed qualitatively or 
quantitatively. Both forms of analysis have been attempted in this 
study.
Qualitatively, general patterns of electrical activity were 
determined. One could then take into consideration the findings of 
Lippold and Bigland that muscle tension is proportional to the 
demonstrated integrated electrical activity of the muscle under 
isotonic as well as isometric conditions. (65-69) Small amounts of 
electrical activity represented small amounts of tension in the 
muscles, whereas maximal quantities of electrical activity represented 
maximum muscular tension.
Quantitation of the electromyographic records has, in the past, 
been attempted by means of mechanical and electronic integrators. 
(66-67) According to Basmajian, the major value of integrated 
electromyogram potentials is the establishment of the relationship 
between the potentials and the tension produced in the muscle. (70)
Use of a planimeter was found by Schomburg to be quite tedious. (12) 
Since this instrument was not readily available, it was not used in 
the quantitation of the records of this study.
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Measured electrical activity at five points during each major 
interval of self-feeding was graphed for each tested muscle in each 
of the three test conditions. Increased accuracy could have been had 
in the graphing procedure had an electrogoniometer rather than the 
present signal circuit been used to designate the intervals of the 
test movement. The segments of the intervals would have, thus, been 
more discretely pinpointed, and therefore, more easily matched when 
choosing similar time intervals. Because of the unavailability of 
necessary recording instruments, the electrogoniometer was not used 
during this study.
Following the graphing of the mean electrical activity of three 
similar time intervals, a visual comparison of the activity occurring 
in the unaffected and affected upper extremity was made. This was 
felt to be the most practical method of handling the data which was 
available. Basmajian feels that, when carefully done, visual 
evaluation of electromyographic records provides the most reliable 
evaluation of the records. (71)
Significant Findings
The ADL evaluations and neuromuscular functional tests 
indicated improvement in pinch grasp, hook grasp and release with 
splinting, but no change in the function of the shoulder or elbow.
No conclusions can be drawn about the effect of such bracing if it 
were available for daily use.
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Upon dynamometric testing there was found, consistently, a 
decrease in the palmar grasp when the affected hand was braced.
This would appear to be contradictory to the finding of improved 
hand function in the ADL and neuromuscular functional evaluations 
of the affected upper extremity. One should recall, however, the 
design of the functional hand splint. Active flexion of the IP 
joints of the index and middle finger has been abolished in favor 
of motion at the MP joints. The most effective method of 
applying pressure to the bulb of the dynamometer is full flexion of
the fingers of the hand. Two strong allies in this action have,
thus, been eliminated with the bracing of the hand. No other 
activity tested required the use of a closed hand.
During the determination of skin resistance there occurred, in
one subject, a greater value for the unaffected extremity than for
the affected extremity. Four other subjects exhibited diametrically
opposite results, and one subject had equal skin resistance of the
upper extremities. As very careful retesting of the subject with
variant results failed to alter the skin resistance to any
appreciable degree, an explanation for this phenomenon must be
sought elsewhere. There.are, unfortunately, no previous records of
the skin resistances of the test subjects. The skin resistances
vary from subject to subject and with time in the same individual.
According to Licht, Ray and Console have described the values of
skin resistance to change logarithmically as one progresses from
normal skin to denervated skin. (72) The value of the normal skin
k 6resistance ranges from 1 x 10 to 1 x 10 ohms. The skin resistance
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of denervated skin may exceed 1.5 x 10 ohms.
Values of 39«4 x 103 ohms and 11.4 x 103 ohms for the skin 
resistances of the unaffected and affected extremity, respectively, 
fall well within the limits of normal. Sensation of the affected 
extremity was normal in this subject and the patient was noted to 
perspire quite freely on the affected extremity. Increase in 
wetness of the skin decreases its resistance.
The patterns of muscular activity displayed during electro­
myographic examination of the unaffected and affected upper 
trapezius, pectoralis major, middle deltoid, and biceps agreed 
with the kinesiological findings of Verne Inman and Bierman and 
Yamshon which were compiled from a study of simple acts in normal 
subjects. (4l, 50-52) The electrical activity exhibited by these 
muscles did not, however, always follow the patterns seen in the 
normal subjects studied by Hirschberg and Dasco in 1953* (53)
Activity of the upper trapezii, middle deltoid, pectoralis 
major, and wrist extensor groups was much more pronounced than that 
found in the normal subjects. Generally, the electrical activity 
of the biceps brachii groups of the unaffected extremity followed 
the pattern of activity seen in normal subjects and previously 
outlined in this paper on page 10. The electrical activity of the 
affected biceps was usually equal to or less than that of the 
unaffected muscle. Activity of the triceps of the hemiplegic affected 
extremity, like that of the normal subjects, was never greater than 
moderate and usually was minimal.
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In this study, the over-all patterns of electrical activity of 
the unaffected extremity were comparable to those found in the 
hemiplegic affected extremity. Sehomburg had previously found the 
activity of the unaffected extremity to resemble that of the normal 
extremities with the exception of increased activity of the 
pectoralis major and upper trapezius in the hemiplegic unaffected 
extremity. (12) Increased activity of the trapezius and biceps was 
present throughout the movement of the affected extremity of the 
hemiplegic subject in her study, and a slight increase above normal 
in the amplitudes of the potentials of the wrist flexor and 
extensor groups.
In attempting to reconcile the results of the Sehomburg study 
and the present study, one must consider two factors - l) the 
handling of the data, and 2) the degree of spasticity present in the 
affected extremity of the subjects. Sehomburg compiled group 
results, whereas the data for each individual was handled 
separately in this study. For a small series of subjects such as 
was used in both projects two or three subjects with greatly 
increased or decreased electrical activity could color the results 
of the entire series. Visual inspection of the records of Sehomburg 
reveals that in three subjects the electrical activity of the wrist 
flexor group of the unaffected extremity did exceed that of the 
affected extremity. The activity of the two biceps in these 
subjects was essentially equal. Three other subjects exhibited the 
activity described by Sehomburg in her paper. Records of the 
remaining subject could not be evaluated due to the uncertainty in
5^
the coding of the records.
The subjects utilized in this study were felt by the examiner 
to exhibit moderate spasticity. This is, of course, a subjective 
evaluation, for no entirely objective measurement of spasticity is 
available for clinical evaluation of patients. Two subjects were 
involved in the testing of both series. It was the opinion of one 
person who knew the subjects of both series that some of the subjects 
tested by Schomburg had a greater amount of spasticity than any 
subjects of the present study.
In tVi-i.q study project, greater electrical activity during 
supination than pronation was found in the pectoralis major of the 
unaffected and affected extremities, during the 'box to chin' and 
'chin to box' intervals. Half or more of the subjects exhibited an 
increase in the electrical activity of the upper trapezius and wrist 
extensors of both extremities, and in the biceps of the unaffected 
extremity. These findings were not very different from those of 
Schomburg. No consistent change was found in the electrical 
activity of the braced affected extremity with supination of the 
wrist.
Increase in the rate of performance of the functional movement 
caused an increase in the electrical activity of the unaffected 
biceps in three subjects and the affected pectorales major in three 
subjects. Though Schomburg did not find a change in the electrical 
activity with a change in the speed of the movement, Hiles, et al 
have found an increase in the amplitude of potentials with a faster 
rate of performance of an act by the normal subject. (73)
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No effect of bracing on the electrical activity of the affected 
extremity was seen in the wrist flexor group, in the triceps* or in 
the biceps during the 'reaching' phase. In the wrist extensor group 
during the entire movement, and the biceps during the 'box to chin' 
to *box to lap' intervals of the movement, the electrical activity 
of the braced extremity exceeded or equalled that of the unbraced 
extremity. During the 'box to chin' interval, five of the six 
subjects displayed an increase of electrical activity of the biceps 
of the braced extremity over that of the unbraced affected extremity. 
In most instances an increase in the electrical activity of the 
braced affected extremity depicted an approach toward the activity of 
the unaffected extremity. This should logically represent as 
improvement in function.
In reviewing this research project, one can see the need for 
future study to answer the major questions left unresolved by this 
study, namely: l) Are these findings applicable to persons with 
greater or lesser degrees of spasticity? 2) Will a majority of 
persons with moderate spasticity react in the same manner as the 
tested subjects? 3) What are the long term effects of functional 
bracing of the hemiplegic upper extremity?. The findings of these 
six subjects can serve as a premise on which to base further 
investigation.
SUMMARY
The effects of functional bracing on the affected upper 
extremity of the hemiparetic patient have been determined through 
the administration of a series of tests which were performed with 
bracing and without bracing. Included in the testing was the 
unaffected extremity of the subject, serving as the control 
extremity. Six subjects with moderate spasticity of the affected 
upper extremity constituted the test population.
Significant results of the study were:
1. Improvement in hand function with functional bracing, 
especially movements requiring release, was noted in all subjects. 
Generally no changes in the active ROM of the shoulder and elbow, or 
in reciprocal motion were elecited with bracing.
2. All subjects showed a decrease in palmar grasp when the 
braced affected extremity was tested using a bulb dynamometer.
3. In four subjects, the skin resistance of the affected 
extremity was greater than that of the unaffected extremity. One 
subject had equal skin resistances of the upper extremities. The 
remaining subjects had a greater skin resistance in the unaffected 
extremity than in the affected extremity.
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*f. Upon electromyographic evaluation of the unaffected and 
the affected upper extremity, with and without bracing, one found:
a. Generally, the electrical activity of the 
unaffected extremity was not significantly 
different from that of the affected 
extremity.
b. Electrical activity of the biceps was greater 
in the braced extremity than in the unbraced 
affected extremity. No change in the activity 
of the triceps or wrist flexor group was 
produced by bracing. Other muscles showed 
mixed activity.
c. When the wrist position was converted from 
pronation to supination during the 'box to 
chin' intervals of self-feeding, an increase 
in the electrical activity of the pectoralis 
major, upper trapezius, biceps, and wrist 
extensor group of the unaffected extremity 
was noted. Similar results were found in the 
affected extremity for the pectoralis major, 
upper trapezius, and wrist extensors. No 
consistent change occurred in the braced 
affected extremity.
d. A faster rate of performance of the functional 
movement produced increased electrical activity 
in the unaffected biceps and the affected 
pectoralis major of half of the subjects.
Various other muscles exhibited isolated 
instances of increased electrical activity.
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